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[57) ABSTRACT

An intranasally applicable powdery pharmaceutical
composition comprising a polypeptide having a physio-
logical activity, a quaternary ammonium compound,
and a lower alkyl ether of cellulose. This powdery phar-
maceutical composition has an excellent preservability
and chemical stability of the polypeptides and, when the
powdery composition is administered to the nasal cav-
ity in the form of a spray, the polypeptides are effec-
tively absorbed through the nasal mucosa.
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INTRANASALLY APPLICABLE POWDERY
PHARMACEUTICAL COMPOSITION

This is a continuation of Ser. No. 832,932, filed
Feb. 25, 1986, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a novel intranasally
-applicable powdery pharmaceutical composition com-
prising a polypeptide having a physiological activity, a
quaternary ammonium compound, and a lower alkyl
ether of cellulose. More specifically, it relates to an
intranasally applicable powdery pharmaceutical com-
position comprising a physiologically active polypep-
tide such as calcitonin and insulin, a quaternary ammo-
nium compound such as benzalkonium chloride, and a
lower alkyl ether of cellulose. This powdery composi-
tion has an excellent chemical stability and preservabil-
ity of the polypeptides and, when this powdery compo-
sition is administered to the nasal cavity in the form of
a spray, the polypeptides are effectively absorbed
through the or nasal mucosa.

2. Description of the Related Art

- Since peptide hormones such as insulin and calcitonin
have a large molecular weight and are easily decom-
posed by proteinases such as pepsin, trypsin, and chy-
motrypsin, they are not easily absorbed by oral adminis-
tration and, therefore, the intended pharmacological
effects cannot be effectively exhibited. Accordingly,
such peptide hormones are generally administered by
injection. However, since the injectable administration
is generally painful, various other administration meth-
ods have been proposed

For example, J. Pharm. Pharmacol., 33, 334 (1981)
discloses rectal absorption of insulin and heparin 1n a
suppository in which salicylic acid derivatives such as
sodium salicylate, sodium 3-methoxysalicylate, and 35-
methoxysalicylate are used as an absorption aid. Fur-
thermore, other methods such as intratracheal adminis-
tration methods (see Diabetes 20, 552, 1971) and eye
instillation methods (see Tonyobyo Gakkai Shoshu,
Japan, 237, 1974) are being studied. However, since
these methods are disadvantageous in that high dosage
amounts are required when compared with the injec-
tion, and that the absorption amounts are likely to vary,
these methods are not practically acceptable.

On the other hand, as disclosed in, for example, Dia-
betes, 27, 296, 1978, as well as Japanese Unexamined
Patent Publication (Kokai) Nos. 359-89619 and
59-130820, intranasally applicable liquid pharmaceutical
preparations of insulin or calcitonin containing, as an
absorption aid, certain surfactants, are proposed for
administration to the nasal cavity. Furthermore, Japa-
nese Unexamined Patent Publication (Kokai) No.
58-189118 discloses intranasally applicable liquid phar-
maceutical preparations of insulin in which cyclodex-
trin 1s used.

However, for the intranasally applicable liquid phar-
maceutical preparation of, for example, insulin or calci-
tonin, it is necessary to ensure that contamination of the
liquid preparations caused by the invasion of, for exam-
ple, microorganisms, is prevented. It is proposed in
Japanese Unexamined Patent Publication (Kokai) No.
59-89619 that- benzalkonium chloride be included in the
intranasally applicable liquid pharmaceutical prepara-
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tions to prevent such contamination, and to enhance the
preservability of medicines such as calcitonin.

Intranasally applicable powdery pharmaceutical
preparations containing calcitonin, insulin, or the like,
and lower alkyl ethers of cellulose are also known, as
disclosed in Japanese Unexamined Patent Publication
(Kokai) No. 59-163313. However, it is still necessary to
improve the preservability of the medicines such as
calcitonin and insulin and also to enhance the chemical
stability of the medicines such as calcitonin and insulin
even in these powdery preparations.

SUMMARY OF THE INVENTION

Accordingly, the object of the present invention is to
improve or increase the preservability and the chemical
stability of medicines, such as calcitonin and insulin, of
intranasally applicable powdery pharmaceutical com-
positions comprising medicines such as calcitonin and
insulin and lower alkyl ethers of cellulose

Other objects and advantages of the present invention
will be apparent from the following description.

- According to the present invention, there is provided
an intranasally applicable powdery pharmaceutical
composition comprising a polypeptide having a
physicological activity, a quaternary ammonium COm-
pound, and a lower alkyl ether of cellulose.

In accordance with the preferred embodiment of the
present invention, the above-mentioned intranasally
applicable powdery pharmaceutical composition is pre-
pared by mixing (i) a lyophilized mixture of the poly-
peptide having a physiological activity, a portion or
total amount of the quaternary ammonium compound,
and a portion of the lower alkyl ether of cellulose, (11)
the remainder of the lower alkyl ether of cellulose, and,
optionally (iii) the remainder of the quaternary ammo-
nium.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

According to the present invention, the desired pow-
dery pharmaceutical composition, i.e., a composition
having an extremely excellent preservability and chemi-
cal stability of polypeptides such as calcitonin and insu-
lin can be obtained by incorporating the above-men-
tioned quaternary ammonium compound, together with
the lower alkyl ether of cellulose into the powdery
composition containing the physiologically active poly-
peptide (e.g., calcitonin or insulin). In addition, when a
mixture of the physiologically active polypeptide (e.g.,
calcitonin or insulin), a portion of the lower alkyl ester
of cellulose, and a portion or total amount of the quar-
ternany ammonium compound is used in the form of a
lyophilized product for the preparation, the desired
powdery pharmaceutical composition having the poly-
peptide and the quarternary ammonium compound
uniformly dispersed therein and having an excellent
preservability and chemical stability can be obtained.

The polypeptides usable in the present invention are
those having physiological activities. The preferable
polypeptides usable in the present invention are those
having a molecular weight of 300 to 300,000, especiaily
1,000 to 150,000, because such polypeptides are easily
absorbed through the nasal mucosa.

Typical examples of the polypeptides having physio-
logical activities are peptide hormones such as insulin,
angiotensin, vasopressin, desmopressin, felypressin,
protirelin, luteinizing hormone-releasing hormone, cor-
ticotropin, prolactin, somatotropin, thyrotropin, lutein-
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1izing hormone, calcitonin, kallikrein, parathyrin, gluca-
gon, oxytocin, gastrin, secretin, gonadotropic hormone,
growth hormone, erythropoietin, angiotensin, urogas-
trone, renin, lypomodulin, calmodulin, human atnal
natriuretic polypeptide (i.e., hANP), and the chemically
modified compounds thereof or the components
thereof; physiologically active proteins such as interfer-
ons, interleukins, transferrin, histaglobulin, macrocor-
tin, and blood coagulation factor VIII; zymoproteins
such as lysozyme and urokinase; and vaccines such as
pertussis vaccine, diphtheria vaccine, tetanus vaccine,
influenza virus vaccine, lymphocytosis promoting fac-
tor, and filamentous hemagglutinin. Of those polypep-
tides, peptide hormones are suitable for use in the pres-
ent invention. Preferable examples of the polypeptides
are calcitonin, insulin, luteinizing hormone-releasing
hormones, desmopressin, vasopressin, and oxytocin,
especially preferably calcitonin and insulin.

The amount of the polypeptides in the intranasally
applicable powdery pharmaceutical compositions ac-
cording to the present invention may be widely vared
depending upon the kinds of polypeptides to be used.
For example, calcitonin is generaily incorporated into
the powdery composition in an amount of 0.2 to 16
MRC unit/mg, and insulin is generally incorporated
into the powdery composition in an amount of 0.016 to
6.4 unit/mg.

The quaternary ammonium compounds usable in the
present invention can be of either any known quater-
nary ammonium compounds or newly synthesized com-
pounds. Typical examples of the quaternary ammonium
compounds are benzalkonium chloride, benzethonium
chloride, cetyl trimethyl ammonium bromide, dodecyl
dimethyl ammonium bromide, and methylrosaniline
chloride. Of these quaternary ammonium compounds,
benzalkonium chloride, and benzethonium chlornde are
especially preferably used. These quaternary ammo-
nium compounds may be used alone or in any mixture
thereof.

Although there is no critical amount of the quater-
nary ammonium compounds to be included in the pres-
ent powdery composition, the quaternary ammonium
compounds are generally included in the present com-

position in an amount of about 0.001% to 12% by

weight, preferably 0.025% to 1% by weight, more pref-
erably 0.05% to 0.5% by weight, based on the total
weight of the composition.

The lower alkyl ethers of cellulose usable in the pres-
ent invention may be those obtained by at least partially
substituting the same or different lower alkyl ether
groups for a plurality of hydroxyl groups of cellulose.
The lower alkyl groups in the lower alkyl ether groups
may be partially substituted with substituents. Examples
of such preferable substituents are hydroxyl groups and
carboxyl groups.

The term “lower alkyl” used herein means an alkyl
group having 5 or less carbon atoms, preferably 3 or less
carbon atoms. Examples of the optionally substituted
lower alkyl groups are methyl, ethyl, n-propyl, 1so-pro-
pyl, B-hydroxyethyl, and 8-hydroxypropyl.

Typical examples of the lower alkyl ethers of cellu-
lose usable in the present invention are methyl cellulose,
ethyl cellulose, propyl cellulose, hydroxyethyl cellu-
lose, hydroxypropyl cellulose, carboxymethyl cellu-
lose, carboxyethyl cellulose, carboxymethyl hydroxy-
ethyl cellulose, and hydroxypropylmethyl cellulose. Of
these lower alkyl ethers of cellulose, the use of hydrox-
ypropyl cellulose, methyl cellulose, hydroxyethyl cellu-
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lose, or hydroxypropylmethyl cellulose is preferable in
the present invention. The use of hydroxypropyl cellu-
lose is most preferable in the present invention. These
lower alkyl ethers of cellulose may be used alone or in
any mixture thereof in the present invention. There 1s no
limitation in the molecular weight and the ether substi-

tution degree of the above-mentioned lower alkyl ethers
of cellulose. For example, any commercially available
Jower alkyl ethers of cellulose can be used in the present

invention. However, the lower alkyl ethers of cellulose
having a viscosity, in a 2 w/v % aqueous solution
thereof, of 3 to 100,000 cp, more preferably 3 to 10,000
cp, especially preferably, 5 to 6000 cp, are preferably
used in the present invention.

The intranasally applicable powdery compositions
according to the present invention can be prepared in
any conventional manner. For example, the present
powdery composition can be prepared by mechanically
mixing the above-mentioned three essential constitu-
ents, i.e., the polypeptides having a physiological activ-
ity, the quaternary ammonium compounds, and the
lower alkyl ethers of cellulose, and optional ingredients,
if any. That is, the present powdery composition may be
prepared by adding the polypeptides and the quaternary
ammonium compounds to the lower alkyl ethers of
cellulose, followed by mixing However, preferably, a
mixture of the polypeptides, a portion of the lower alkyl
ethers of cellulose, and a portion of or a total amount of
the quaternary ammonium compounds are first lyophi-
lized and the resultant lyophilized mixture is then mixed
with the remainder of the lower alkyl ethers of cellulose
and, optionally, the quaternary ammonium compounds.

When the polypeptides and the quaternary ammo-
nium compounds are added to the lower alkyl ethers of
cellulose, the resultant mixture is mechanically mixed
by any conventional method, followed by sifting. Thus,
the desired intranasally applicable powdery composi-
tion according to the present invention can be prepared.
In this case, the lyophilized polypeptides may be used.
Furthermore, when the mixing is carried out in any
conventional manner, the so-called co-pulverization
method can be used so that the polypeptides and the
quaternary ammonium compounds may be dispersed in
the molecular level dispersion degree in the lower alkyl
ethers of cellulose.

On the other hand, when the lyophilized mixture of
the polypeptides, the quaternary ammonium com-
pounds, and the lower alkyl ethers of cellulose 1s mixed
with the lower alkyl ethers of cellulose and, optionally,
the quaternary ammonium compounds, the polypep-
tides and the quaternary ammonium compounds are
suffciently uniformly dispersed in the lower alkyl ethers
of cellulose and, therefore, the resultant powdery com-
poisition has a more preferably improved preservability
and chemical stability of the polypeptides.

The above-mentioned lyophilized mixture can be
obtained by uniformly dissolving the polypeptides, the
quaternary ammonium compounds, and the lower alkyl
ethers of cellulose in water by appropniately adjusting
the pH of the aqueous solution, if necessary. The resul-
tant aqueous solution can be lyophilized in any conven-
tional manner. The lyophilized mixture is then mechani-
cally mixed with the lower alkyl ethers of cellulose and,
optionally, the quaternally ammonium compounds, fol-
lowed by sifting the resultant mixture as mentioned
above.

When the lower alkyl ethers of cellulose and the
quaternary ammonium compounds are lyophilized, the
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lower alkyl ethers of cellulose are generally lyophilized

in an amount of about 0.01% to 10% by weight, prefera-
bly 0.1% to 5% by weight of the total amount of the
lower alkyl ethers of cellulose included in the powdery
compoisition from the viewpoints of improving the
stability of the polypeptides. On the other hand, the
quaternally ammonium compounds can be lyophilized
generally in an amount of about 0.019% to 100% by
weight (i.e., entirely), preferably 0.1% to 10% by
weight of the total amount thereof included in the pres-
ent powdery composition, provided that the total
amount thereof is within the above-mentioned range.
Although there is no specific limitation in the particle
size of the present powdery pharmaceutical composi-
tion, the particle size of the present powdery composi-
tion is preferably such that at least about 90% by weight
of the powder particles has an effective particle diame-
ter of about 10 to 250 um. When the powder particles
having a particle size of less than about 10 um are pres-
ent in the powdery composition in an amount of more
than 10% by weight, a relatively large amount of the
powdery composition unpreferably reaches the lungs or
is unpreferably scattered out of the nasal cavity when
the powdery composition is administered to the nasal
cavity by for example, spraying. In addition, it is diffi-
cult to maintain the high or desired polypeptide concen-
tration at the portion of the nasal mucosa to which the
applied powdery composition adheres. Contrary to this,
when the powder particles having a particle size of
more than about 250 um are present in the powdery
composition in an amount of more than 109% by weight,
the powder particles adhered to the nasal mucosa when
applied by spraying are likely to be mechanically re-
leased from the mucosa surface and, therefore, the local
retentionability of the powder particles is decreased.
For these reasons, the present powdery pharmaceutical
compositions preferably have a particle size distribution
such that at least about 90% by weight of the powder
particles has an effective particle size of about 10 to 250

pum.

The intranasally applicable powdery composition
according to the present invention may optionally con-
tain various conventional additives for improving the
physical properties, visual appearance, or odor of the
composition. Examples of such additives are lubricants
such as talc, stearic acid and the salts thereof; waxes;
binders such as starch, dextrin, cyclodextrin, tragan-
canth gum, gelatin, polyvinylpyrrolidone, and polyvi-
nyl alcohol; diluents such as starch, crystalline cellu-
lose, dextrin, cyclodextrin, lactose, mannitol, sorbitol,
and anhydrous calcium phosphate; coloring agents such
as copper chlorophyll, B-carotene, Red #2 (i.e., triso-
dium salt of 1-(4-sulfo-l-naphthylazo)-2-naphthol-3,6-
disulfonic acid), Blue #2 (i.e., disodium salt of 5,5'-
indigotindisulfonic acid); odor improves such as men-
thol and citrus perfumes; anti-oxidants such as ascorbic
acid, erythrobic acid and the salts and esters thereof;
bulk fillers such as human serum albumin, mannitil, and
sorbitol: isotonic agents such as sodium chloride and
glucose; and surfactants which are physiologically non-
toxic. Typical examples of such surfactants are sorbitan
fatty acid esters, polyoxyethylene sorbitan fatty acid
esters, glycerol fatty acid esters, sucrose fatty acid es-
ters, glicolic acid, taurucholic acid and salts thereof,
polyoxyalkylene higher alcohol ethers (e.g., polyoxy-
ethylene and polyoxypropylene lauryl, cetyl, and cho-
lestryl ethers). Suitable absorption aids also may be used
in the present invention.
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The intranasally applicable powdery pharmaceutical
composition can be directly formulated into a powder
preparation in a unit dosage form. Such a powder prep-
aration may be preferably included in a capsule such as
a hard gelatine capsule as a preferred dosage form for
the nasal application. The unit dosage of the powder
preparation of the present invention is preferably about
1 to 100 mg, more preferably 5 to 50 mg, aithough this
amount may be widely varied depending upon the kind
of physiologically active polypeptides.

The present powder preparations can be advanta-
geously applied to the nasal cavity. For example, a
capsule filled with the present powder preparation 1s set
in a spraying device equipped with a needle. The cap-
sule is pierced with the needle to provide minute holes
on the bottom sides. The powder preparation 1s then
sprayed or jetted out from the capsule by sending air
into the capsule by means of, for example, a rubber ball.

As explained above, according to the present inven-
tion, intranasaily applicable powdery pharmaceutical
compositions having an improved preservability and
chemical stability of the physiologically active polypep-
tides included therein are advantageously provided.

EXAMPLE

The present invention will now be described in detail
with reference to, but is by no means limited to, the
following examples.

EXAMPLE 1

(a) A 10 mg amount of hydroxypropyl cellulose and
0.2 mg of salmon calcitonin (4000 MRC unit/mg) were
dissolved in 5 ml of distilled water. To the resultant
solution, 10 ul of a 0.02 w/v % benzalkonium chloride
solution was added while stirring. The mixture was
lyophilized. Thus, the uniform powdery composition (I}
of salmoncalcitonin and hydroxypropyl cellulose con-
taining 0.02 w/w % of benzalkonium chloride and hav-
ing a calcitonin activity of 78.4 MRC unit/mg was
obtained.

Then, 10 mg of the powdery composition (I) and 800
mg of hydroxypropyl cellulose were placed in a mortar
and 0.16 mg of benzalkonium chloride was added
thereto. The mixture was thoroughly mixed in the mor-
tar. Thus, a uniform powdery composition (II) 1s ob-
tained having a particle size distribution such that 50
w/w % or more of the powder particles had a particle
size of 25 to 149 um. The powdery composition (II})
thus obtained containing 0.02 w/w % of benzalkonium
chloride has a calcitonin activity of about 0.97 MRC
unit/mg.

The powdery composition (II) obtained above was
filled in hard gelatin capsules in an amount of 10 to 50
mg per each capsule to prepare intranasally applicablie
pharmaceutical preparations for humans.

(b) A 10 mg amount of hydroxypropyl cellulose and
0.2 mg of salmon calcitonin (4000 MRC unit/mg) were
dissolved in 5 ml of distilled water and 10 pl of a 0.05
w/v % benzethonium chloride solution. The resultant
mixture was lyophilized to obtain a uniform powdery
composition (I) of salmon calcitonin and hydroxypro-
pyl cellulose containing 0.05 w/w % of benzethonium
chloride and having a calcitonin activity of about 78
MRC unit/mg.

Then, 10 mg of the powdery composition (I) and 800
mg of hydroxypropyl cellulose were placed in a mortar
and 0.4 mg of benzethonium chloride was added
thereto. The mixture was thoroughly mixed in the mor-
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tar. Thus, a uniform powdery composition (II) was
obtained having a particle size distnibution such that 90
w/w % or more of the powder particles had a particle
size of 25 to 149 um. The powdery composition (II)
thus obtained containing 0.05 w/w % of benzethonium
chloride has a calcitonin activity of about 0.96 MRC
unit/mg.

The powdery composition (II) obtained above was
filled in hard gelatin capsules in an amount of 10 to 50
mg per each capsule to prepare intranasally applicable
pharmaceutical preparations for humans.

EXAMPLE 2

Evaluation of Pharamacological Stability in
Intranasally Applicable Powdery Composttion

The intranasally applicable salmon calcitonin pow-
dery preparations prepared in Example 1(a) and (b)
were allowed to stand at a temperature of 40° C. for 2
months. The stability of salmon calcitonin in the pow-
dery preparations was determined as follows:

The samples after 2 months storage and the fresh or
standard samples (i.e., the samples taken immediately
after the preparation) were dissolved in injection liquid
in such a manner that the content of the salmon calcito-
nin become 0.083 ug/ml in terms of the standard sam-
ple. Thus, the injection liquid samples for a stability
evaluation of the salmon calcitonin were prepared.

The above-mentioned injection liquid samples were
intramuscularly injected into a thigh portion of SD type
male rats having a body weight of 160 to 180 g (6 weeks
old, five rats per one group) in such a manner that the
administration amount of the salmon calcitonin was
0.083 ug/ml/kg. The whole blood was sampled 1 hour
after administration and the serum was recovered there-
from after the blood sample was allowed to stand at
room temperature for 0.5 to 1 hour. The calcium con-
centration in the serum was determined by means of a
calcium content determining kit (manufactured by IA-
TRON) from the decreasing degree of the calcium
concentration in the serum, the percentage of the
salmon calcitonin remaining in the injection sample was
determined. That is, a calibration curve between the
calcium concentration in the serum and the administra-
tion amount of the salmon calcitonin was previously
obtained by using the standard sample. The residual
percentages of the salmon calcitonin in the injection
samples were determined from the calbration curve.

The results are as shown in Table 1.

As Comparative Examples, the following liquid prep-
arations (a) and (b) were prepared.

Preparation of Comparative Liquid Preparation (a)

A 400 mg amount of hydroxypropyl cellulose was
first dissolved in 100 ml of purified water. Then, in 5 ml
of the resultant 0.4 w/v % hydroxypropyl cellulose
solution, 0.326 mg of salmon calcitonin having a calcito-
nin activity of 4000 MRC unit/mg was dissolved and 1
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droxypropyl cellulose and 0.02 w/v % of bezalkonium
chloride was obtained. This liquid preparation (a) con-
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Preparation of Comparative Liquid Preparation (b)

The intranasally applicable liquid preparation (b) was
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preparation (a) except that the hydroxypropyl cellulose
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was not used. The resultant liquid preparation con-
tained about 260 MRC unit/ml of salmon calcitonin.

The residual percentages of the salmon calcitonin in
the liquid preparations (a) and (b) were determined in
the same manner as mentioned above. The results are as
shown in Table 1.

As clearly shown in Table 1, there was no substantial
difference in the salmon calcitonin amount between the
fresh or standard samples and the samples after being
allowed to stand at a temperature of 40° C. for 2
months. Contrary to this, in the case of the comparative
liquid preparation samples (a) and (b), the residual
salmon calcitonin percentage were only about 50% and
about 10%, respectively. In addition, in the case of the
powdery samples (a) and (b), there was no substantial
difference in the serum calcium concentrations between
the fresh samples and the samples after storing at 40° C.
for 2 months. Contrary to this, in the case of the com-
parative samples, the serum caicium concentrations
were significantly increased when the samples after
allowing to stand at 40° C. for 2 months were adminis-
tered.

TABLE 1
Residual Percentages of Salmon Calcitonin __
____ Residual (%)
Fresh or After
Sample Preparation Standard Sample  40° C. X 2 months
Powdery Sample (a) about 100 about 100
of Example 1
Powdery Sample (b) about 100 about 100
of Example |
Comparative Liquid about 100 about 50
Sample (a)
Comparative Liquid about 100 about 10
Sampie (b)
EXAMPLE 3

(a) A 100 mg amount of insulin (25.5 unit/mg) and
0.195 mg of benzalkonium chloride were weighed nto a
mixer, and 1200 mg of hydroxypropyl cellulose was
then added thereto, as a base in the powdery prepara-
tion. These three components were thoroughly mixed
in the mixer to prepare a uniform powdery composition
having a particle size distribution such that 90 w/w %
or more of the powder particles had a particle size of 44
to 149 um. The resultant powdery composition had an
insulin activity of about 1.96 unit/mg.

(b) A 100 mg amount of lyophilized water-soluble
insulin having an activity of 25.5 unit/mg, which was
obtained by dissolving insulin in water, followed by
lyophilizing, and 0.37 mg of benzalkonium chloride
were weighed into a mixer, and 3600 mg of hydroxy-
propyl ceilulose was then added thereto, as a base in the
powdery preparation. These three components were
thoroughly mixed in the mixer to prepare a uniform
powdery composition having a particle size distribution
such that 90 w/w % or more of the powder particles
had a particle size of 44 to 149 um. The resultant pow-
dery composition had an insulin activity of about 0.69
unit/mg.

(¢c) The powdery compositions (2) and (b) containing
the insulin prepared above were filled in capsules, re-
spectively. Thus, intranasally applicable insulin prepa-
rations for humans were prepared.
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EXAMPLE 4

(a) A 2000 mg amount of hydroxypropyl cellulose
and 0.6 mg of salmon calcitonin (4000 MRC unit/mg)
were weighed in a2 mixer, and 0.4 mg of benzalkonium
chloride was then added thereto. These three compo-
nents were thoroughly mixed in the mixer to prepare a
uniform powdery composition having a particle size
distribution such that 30 w/w % or more of the powder
particles had a particle size of 44 to 149 um. The resul-
tant powdery composition contained about 1.2
MRC/mg of salmon calcitonin.

The resultant powdery composition was filled in
capsules in an amount of 10 to 50 mg by using a capsule
filling apparatus. Thus, intranasaily applicable prepara-
tions for humans were obtained.

(b) A 2000 mg amount of hydroxypropyl cellulose
and 0.7 mg of salmon calcitonin having an activity of
4000 MRC unit/mg were weighed in a mixer, and 0.3 g
of benzethonium chloride was then added thereto.
These three components were thoroughly mixed in the
mixer to prepare a uniform powdery composition hav-
ing a particle size distribution such that 90 w/w % or
more of the powder particles had a particle size of 44 to
149 um. The resultant powdery composition contained
about 4 MRC/mg of salmon calcitonin.

The resultant powdery composition was filled in
capsules in an amount of 10 to 50 mg by using a capsule
filling apparatus. Thus, intranasally applicable prepara-
tions for humans were obtained.

EXAMPLE 5

A 980 mg amount of hydroxypropyl cellulose was
weighed in a mortar and 20 mg of vasopressin (70 to 100
unit/mg) and 0.1 mg of bezalkonium chloride were
added thereto. After mixing thoroughly, a uniform
powdery composition was obtained. The resultant pow-
dery composition contained about 1.4 to 2.0 unit/mg of
vasopressin.

The powdery composition was filled in capsules to
obtain intranasally applicable preparations for humans.

EXAMPLE 6

A 990 mg amount of hydroxypropyl cellulose was
weighed in a mortar and 10 mg of luteinizing hormone-
releasing hormone and 0.1 mg of benzalkonium chloride
were added thereto. After mixing thoroughly, a uni-
form powdery composition having a particle size distri-
bution such that 90 w/w % or more of the powder
particles had a particle size of 44 to 149 um was ob-
tained. The resultant powdery composition contained
10 ug/mg of the luteinizing hormone-releasing hor-
mone.

The resultant powdery composition was filled in
capsules. Thus, intranasally applicable preparations for
humans were obtained.

EXAMPLE 7

A 950 mg amount of hydroxypropyl cellulose was
weighed in a mortar and 50 mg of interferons (100,000
unit/mg), which was previously lyophilized by adding
human serum albumin, and 0.15 mg of benzalkonium
chloride were added thereto. After mixing thoroughly,
a uniform powdery composition having a particle size
distribution such that 90 w/w % or more of the powder
particles had a particle size of 44 to 149 pm was ob-
tained. The resultant powdery composition contained
5000 unit/mg of the interferons.
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10

The resultant powdery composition was filled in
capsules. Thus, intranasally applicable preparations for
humans were obtained.

EXAMPLE 8

The contamination degree due to microorganisms of
the intranasally applicable powdery compositions pre-
pared in Example 1(a) and (b) and Example 4(a) and (b)
was evaluated according to a method described in *““The
Microbial Limit Tests of Preparations for Oral Use and
Contrast Media for Roentgenography” (Yakuhatsu vol.
297, 1976).

According to the test results for the above-mentioned
samples, in the case of the bacteria test, even when the
water content of the powdery composition samples was
12% or more, the number of living cells was less than 30
cells/g, determined by most probable number and £.
coli, Pseudomonas aeruginosa, and coccus were not de-
termined. In addition, in the case of fungi, the number of
living cells was less than 3 cells/g determined by most
probable number.

Contrary to the above, the intranasally applicable
powdery compositions containing no quaternary am-
monium compounds satisfied the conditions necessary
to be determined as stable against microorganism con-
tamination. However, they exhibited a number of living
cells of less than 80 cells/g determined by most proba-
ble number in the case of the bacterium test and a num-
ber of living cells of less than 10 cells/g determined by
most probable number in the case of the fungus test,
when the water content of the powdery composition
sample was 12% or more.

As is clear from the resuilts shown above, the intrana-
sally applicable powdery compositions according to the
present invention were extremely stable against unpref-
erable microorganism contamination.

EXAMPLE 9

(1) Preparation

(a) A 300 mg amount of hydroxypropyl cellulose and
163 ug of salmon calcitonin (4000 MRC unit/mg) were
weighed in an agate mortar. Then, 60 ug of benzalko-
nium chloride was added thereto. These three compo-
nents were thoroughly mixed. Thus, a uniform pow-
dery composition having a particle size distribution
such that 90 w/w % or more of the particles had a
particle size of 44 to 149 um was obtained.

The powdery composition thus obtained contained
about 0.543 ug/mg of salmon calcitonin. The powdery
composition was filled in capsules in such an amount
that 1.8 mg per 1 kg of rabbit (i.e., 0.978 ng of salmon
calcitonin per 1 kg of rabbit) was included in each cap-
sule. Thus, an intranasally applicable powdery prepara-
tion (a) was prepared.

(b) A 400 mg amount of hydroxypropyl cellulose was
dissolved in 100 ml of purified water. In 5 ml of the
resuitant 0.4 w/v % hydroxypropyl cellulose solution,
163 ug of salmon calcitonin (4000 MRC unit/mg) was
dissolved and, furthermore, 500 pg of benzalkonium
chloride was dissolved therein. Thus, an intranasally
applicable liquid preparation (b) containing 0.4 w/v %
of hydroxypropyl cellulose and 0.01 w/v % of benzal-
konium chloride was prepared. This liquid preparation
contained about 32.6 ug/ml of salmoncalcitonin.

(1) Evaluation Test

The powdery calcitonin preparation (a) and the lig-
uid calcitonin preparation (b) obtained above were ad-
ministered into the nasal cavity of Japanese white male
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rabbits, having a body weight of 2.5 to 3.5 kg, in an
amount of 0.978 ug/1.8 mg/kg (i.e.,, about 3.9 MRC
unit/kg) and 0.978 ug/30 ul/kg (1.e., about 3.9 MRC
unit/kg), respectively.

The blood samples were taken from the auris vein of 5
the rabbits before the administration and 30 minutes, I,
2, 4, and 6 hours after the administration.

The administration to the nasal cavity was carried out
under aparalytic conditions (i.e., ordinary conditions)
by using, in the case of the powdery preparation, a
nebulizer modified for animals, or by using, in the case
of the liquid preparation, a 1 ml syringe provided with
a chip for a micropipette at the tip thereof so as to be
able to quantitatively administer viscous liquid.

The calctum concentrations in the serum before and
after the administration were determined and the ab-
sorbability of the calcitonin through the nasal mucosa
was studied. The determination of the calcium concen-
trations in the serum was carried out by using a calcium
determination kit (manufactured by IATRON).

The results are shown in Table 2, in which the de-
scent percentages of the calcium concentration in serum
from the concentrations before administration are
shown for an average of 8 or 9 rabbits.

10
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TABLE 2 25
Descent (%) of Calcium in Serum
Sample 30minutes 1hr 2hr 4hr O6hr
Powdery Calcitonin 6.5 15.8 14.3 4.7 1.6
Preparation (a) 10
Liquid Calcitonin 7.3 12.7 12.0 2.0 0.3

Preparation (b)

As clear from the results shown in Table 2, the ab-
sorbability of the powdery calcitonin preparation (a) ;¢
according to the present invention is superior to that of
the liquid calcitonin preparation (b).

EXAMPLE 10

Absorbability of Insulin of Intranasally Applicable

" 40
Powdery Composition

(1) Preparation

(a) A 100 mg amount of insulin (25.5 unit/mg) and
0.195 mg of benzalkonium chloride were weighed into a
mixer and 1200 mg of hydroxypropyl cellulose was then
added thereto, as a base in the powdery preparation.
These three components were thoroughly mixed in the
mixer to prepare a uniform powdery composition hav-
ing a particle size distribution such that 90 w/w % or
more of the powder particles had a particle size of 44 to
149 um. The resultant powdery composition had an
insulin activity of about 1.96 unit/mg.

The powdery composition was filled in capsules to
obtain an intranasally applicable insulin preparation.

(b) An intranasally applicable insulin preparation was
prepared in the same manner as in (a) mentioned above,
except that 1200 mg of lactose was used instead of the
hydroxypropyl cellulose.

(i1) Administration of Insulin

The intranasally applicable insulin preparations (a)
and (b) obtained above were administered into the nasal
cavity of Japanese white male rabbits having a body
weight of 3.1 to 3.7 kg in an amount of 5 unit/kg in
terms of the insulin activity.

The blood samples were taken from the auris vein of 65
the rabbits before the administration and 30 minutes, 1,
2, 4, and 6 hours after the administration. The blood
sample thus taken was centrifugally separated at 2800

45
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55
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r.p.m. for 10 minutes in a centrifugal separator to re-
cover the serum. The administration of the intranasally
applicable insulin preparation was carried out by using
a nebulizer modified for animals under ordinary condi-
tions. The glucose concentration in the serum was de-
termined by a method using o-toluidine (see: Clinical
Chemistry, 8, 215, 1962). The change of the glucose in
the serum is shown as a blood sugar descending per-
centage (%). The value shown in Table 3 1s an average

of the data for 5 rabbits.
TABLE 3
Blood sugar descending percentage (%)
Sample 30 min. 1 hr 2 hr 4 hr 6 hr
Preparation (a) 14 4 37 16 4
Preparation (b) 8 14 6 0.5 2

As is clear from the results shown in Table 3, the
absorbability of insulin of the preparation (a) according
to the present invention is extremely superior to that of
the comparative preparation (b).

We claim:

1. An intranasally applicable powdery pharmaceuti-
cal composition comprising a pharmaceutically effec-
tive amount of a polypeptide having a physiological
activity and about 0.001% to 12% by weight, based on
the total weight of the composition, of at least one qua-
ternary ammonium compound selected from the group
consisting of benzalkonium chlonde, benzethonium
chloride, cetyl trimethyl ammonium bromide, and do-
decyl dimethyl ammonium bromide in at least one
lower alkyl ether of cellulose selected from the group
consisting of hydroxypropyl cellulose, methyl cellulose,
hydroxyethyl cellulose and hydroxpropylmethyl cellu-
lose.

2. A powdery pharmaceutical composition as claimed
in claim 1, wherein the polypeptide has a molecular
weight of 300 to 300,000.

3. A powdery pharmaceutical composition as claimed
in claim 1, wherein the polypeptide is at least one mem-
ber selected from the group consisting of peptide hor-
mones, physiologically active proteins, zymoproteins,
and vaccines.

4. A powdery pharmaceutical composition as claimed
in claim 3, wherein the peptide hormones include calci-
tonin, insulin luteinzing hormone-releasing hormones,
desmopressin, vasopressin, oxytocin, and inteferons.

5. A powdery pharmaceutical composttion as claimed
in claim 1, wherein the quaternary ammonium com-
pound is benzalkonium chloride or benzethonium chlo-
ride.

6. A powdery pharmaceutical composition as claimed
in claim 1, wherein the lower alkyl ether of cellulse is
hydroxypropyl cellulose.

7. A powdery pharmaceutical composition as claimed
in claim 1, wherein the quaternary ammonium com-
pound is included therein in an amount of about 0.025%
to 1% by weight based on the total weight of the com-
position.

8. A powdery pharmaceutical composition of claim 1,
wherein the composition is prepared by mixing (1) a
lyophilized mixture of the polypeptide having a physio-
logical activity, a portion or total amount of the quater-
nary ammonium compound, and a portion of the lower
alkyl ether of cellulose, (i1) the remainder of the lower
alkyl ether of cellulose, and, optionally (1) the quater-
nary ammonium.
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9. A powdery pharmaceutical composition as claimed composition has an effective particle diameter of about
L p ¥ o 10 to 250 um.
in claim 8, wherein the amount of the component () 1s 11. A powdery pharmaceutical preparation in unit

0.01% to 10% by weight of the total amount of the dosage form for application to the mucosa of the nasal

_ L 5 cavity comprising the powdery pharmaceutical compo-
lower alkyl ether of cellulose in the composition. sition of claim 1.

10. A powdery pharmaceutical composition as 12. A powdery pharmaceutical prepar_ation as
claimed in claim 11, wherein the pharmaceutical com-

position is included in a capsuie.
weight of the powder particles of the pharmaceutical 10 * % x % %

claimed in claim 1, wherein at least about 90% by
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